ADDITIONAL INDEX WORDS. Rosa, EarthKind TM , black spot, shrub roses, alkaline soils SUMMARY. One hundred sixteen rose (Rosa spp.) cultivars were evaluated under minimal input conditions in north-central Texas for 3 years. Plant quality data included overall plant performance, number of flowers, percentage of bloom coverage, final vigor, and survival. Disease ratings for black spot (Diplocarpon rosae), petal blight (Alternaria alternata), powdery mildew (Sphaerotheca pannosa), and aphid (Myzus spp.) infestations were previously reported. Of the original 116 cultivars, 25 had 50% or higher mortality during the trial. Own-root cultivars performed significantly better than the grafted cultivars and had significantly better survival (P = 0.001). As a class, the Polyantha cultivars exhibited the best overall performance, mean bloom percentage, final vigor and survival, while cultivars in the Hybrid Tea class had the worst performance in all measures. Foliar nutrient content, bloom number, and mean percentage of bloom were not good predictors of overall performance. Of the diseases monitored, black spot was the most severe and was closely correlated to overall performance and final vigor, but was not the only factor determining overall performance. The top five cultivars in mean overall performance were RADrazz (Knock Out TM ), Caldwell Pink, Sea Foam, Perle d'Or, and The Fairy, in descending order.
R oses are among the most popular garden ornamentals in temperate and subtropical zones, but they have a reputation of being very difficult to grow (Manners, 1999) . Roses have long been an important landscape plant and there is growing interest in low-maintenance roses that do not require heavy pruning or spraying (Anella et al., 2004) . One of the challenges in growing roses is the severe incidence of black spot, which is considered to be the most damaging rose disease in the southern United States (Hagan et al., 2005) . However, many of today's gardeners are increasingly sensitive to environmental concerns and are very reluctant to carry out the frequent pesticide applications required during a normal year for most Hybrid Teas in the southern United States. They are also uneasy about the rigorous pruning and regular irrigation required by Hybrid Teas. One of the best ways to avoid the need for pesticides and to minimize other inputs such as labor and water is through the selection of cultivars that will perform well under minimal input conditions. Through cultivar selection, it is possible to reduce or even eliminate the need for fungicidal sprays (Manners, 1999) . Other researchers feel that modern shrub roses hold the promise of being better plants for today's landscapes and they identified cultivars best suited for the northern midwestern United States. (Hawke, 1997; Jull, 2004) .
The objective of this study was to evaluate the most highly recommended roses, from antique and old garden roses to the very newest shrub roses, and to identify those cultivars that would provide outstanding landscape performance in the southern United States with no fertilizer, pesticides, deadheading or pruning, and with greatly reduced supplemental irrigation, in addition to tolerating poorly aerated, alkaline clay soils, heat, drought, high temperatures, high humidity, rapid changes in temperature, disease (especially black spot), insect, and mite (Acarina spp.) pressure.
Materials and methods
Four plants each of 116 rose cultivars were obtained from commercial nurseries and were established in Fall 1998 in replicated field plots at the Texas A&M Research and Extension Center at Dallas. The selection of cultivars included in the study was based on recommendations from experienced rosarians, nursery professionals, and rose enthusiasts for the best rose cultivars in each class. Plant spacing was 5 ft within the rows and 10 ft between the rows. The soil in the plots (described in Table 1 ), left unamended, was an Austin silty clay (fine-silty, carbonatic, thermic, Udorthentic Haplustoll; Hipp et al., 1992) calcareous in nature with a pH of %7.8. The roses were mulched with %8 cm of uncomposted shredded hardwood with additional applications made each year to maintain the mulch layer. The plants were irrigated as needed, with a drip irrigation system, in the first 2 years, but received no supplemental irrigation during the remainder of the study. There were no inputs of fertilizer or pesticides during the study.
Twice monthly data collection began in Spring 2000 and continued through 2002, with data collected from April through October each year. Data consisted of flower number, flower size, a visual estimate of flowering percentage, plant vigor, and overall plant performance. Plant performance was determined using a criterion-referenced scale from 1 to 10 with three indices. The three indices were 1) flower quantity and quality; 2) foliage quantity and quality; and 3) plant habit and vigor. was as follows: 10 = no deductions for all three indices; 9 = slight deduction for one index; 8 = slight deduction for two indices; 7 = slight deduction for three indices or moderate deduction for one index; 6 = moderate deduction for one index and slight deduction for one index; 5 = moderate deductions for one index and slight deductions for two indices; 4 = moderate deductions for two indices; 3 = severe deductions for one index and moderate deduction for one index; 2 = severe deductions for two indices; 1 = severe deductions for three indices. In addition, a final plant vigor rating was taken at the end of 2003 based on a 1 to 10 scale using the indices of foliage quality and quantity and plant vigor and habit. In Spring 2003, a subset of rose cultivars was randomly chosen from both the grafted and own-root groups for nutrient analysis. Newly expanded tissue was collected from three locations on each of 33 rose cultivars. At the same time, four composite soil samples were collected from the study area (one composite sample per block). The soil samples were analyzed for pH, salinity, soluble nitrate, and plant-available macroand micronutrients. Rose leaf tissues were dried at 60°C and ground to pass a 1-mm sieve. The tissue was analyzed for total nitrogen by using a Kjeldahl digestion followed by steam distillation and titration procedures. Total phosphorus was determined by a colorimetric (ascorbic acid-ammonium molybdate) method, and potassium and iron were determined by atomic absorption spectrometry. The Standard Reference Material Citrus Leaves SRM-1572 (National Institute of Standards and Technology, Gaithersburg, MD) was included in laboratory analyses to ensure accuracy of the results. The overall rank for each rose cultivar was calculated by averaging the four individual nutrient rankings.
The overall rose plant nutrient status was assessed with measurements of relative leaf chlorophyll levels. These measurements, done on a monthly basis in recently matured tissue [leaves in upper portion of current shoots; 20 readings per plant (two readings per leaf); four plants per cultivar], were taken with a SPAD-502 Chlorophyll Meter (Minolta Camera Co., Osaka, Japan).
Disease ratings for petal blight, powdery mildew, and black spot infection occurring by natural inoculation were collected monthly and previously reported (Colbaugh et al., 2005a (Colbaugh et al., , 2005b (Colbaugh et al., , 2005c . The plants were rated monthly from April through August in 2000 and 2001. The scales each were as follows: 1) petal blight scale 0 to 3, where 0 = no petal blight, 1 = slight petal spots, 2 = moderate number of petal spots, and 3 = severe petal blight symptoms, 2) powdery mildew scale 0 to 3, where 0 = no powdery mildew and 3 = severe powdery mildew, and 3) black spot scale 0 to 5, where 0 = no black spot, 1 = slight defoliation, 2 = minor defoliation, 3 = moderate defoliation, 4 = severe defoliation, and 5 = complete defoliation.
The experimental design was a randomized complete block with one plant per cultivar per replication with four replications. Only cultivars with three or more surviving plants (replications) were included in the statistical analysis. The own-root cultivars and grafted cultivars were analyzed separately. A significance level of P £ 0.05 was maintained for all analyses within the study. The KolmogorovSmirnov test was used to determine that the data were normally distributed (P = 0.001). The statistical analyses for grafted versus own-root, and cultivars by class, were performed as a one-way analysis of variance [ANOVA (SAS Institute, Cary NC)]. Correlation analyses (PROC CORR) were also performed for the leaf nutrient concentrations and chlorophyll (SPAD) readings (SAS Institute). Rose cultivar names and horticultural classes are reported according to the standards and descriptions of the American Rose Society as the Official International Registration Authority for Roses (Cairns et al., 2000) .
Results and discussion
The results of the mean overall performance, mean percentage of bloom coverage, and final vigor ratings of the 91 cultivars that had plants surviving in at least three of the four replications at the end of the 4-year study are contained in Table 2 (64 own-root cultivars) and Table 3 (27 grafted cultivars). Cultivars were significantly different for all measurements within both groups (P = 0.01). Observed survival percentages are similar to other studies in which not all of the cultivars survived (Hawke, 1997; Jull, 2004) . As a group, own-root had significantly better mean overall appearance ratings than the grafted cultivars (P = 0.001). Of the cultivars not included in the analysis, no plants of Dorothe Ò , Iceberg (KORbin), Pascali Ò , Seguin, and Sunbright Ò survived to the end of the study. Cultivars in which three of the four replicate plants died were Angel Face, First Prize, Gold Glow, Maman Cochet, Raspberry Twist, and Sun Flare (JACjem). The following cultivars had plants that died in two of the replications: Consuelo, Crimson Glory, Fragrant Cloud, 
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Sir Thomas Lipton HRg 5.0 ± 0.6 5.9 ± 0.1 6.3 ± 0.9 100 Sombreuil Cl T 2.6 ± 0.6 3.6 ± 0.1 3.9 ± 0.3 100 Souvenir de St. Anne's B 7.3 ± 0.7 4.8 ± 0.1 7.2 ± 1.1 100 Spice Fo 11.9 ± 0.9 6.2 ± 0.1 9.0 ± 0.2 100 The Fairy Pol 23.5 ± 1.7 6.5 ± 0.1 7.5 ± 0.7 100 Trumpeter Ò (MACtrum) F 9.7 ± 1.2 2.9 ± 0.2 1.6 ± 0.6 100 Westerland Ò (KORlawe) S 2.5 ± 0. y Criterion-referenced scale from 1 to 10 with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor): 10 = no deductions for all three indices, 9 = slight deduction for one index, 8 = slight deduction for two indices, 7 = slight deduction for three indices or moderate deduction for one index, 6 = moderate deduction for one index and slight deduction for one index, 5 = moderate deductions for one index and slight deductions for two indices, 4 = moderate deductions for two indices, 3 = severe deductions for one index and moderate deduction for one index, 2 = severe deductions for two indices, 1 = severe deductions for three indices.
x Criterion-referenced scale from 1 to 10 using the indices of foliage quality and quantity and plant vigor and habit. Gr 3.4 ± 0.6 2.2 ± 0.1 1.9 ± 0.8 75 Radiance HT 2.4 ± 0.4 3.5 ± 0.1 3.7 ± 0.3 100 Red Radiance HT 4.6 ± 0.6 4.5 ± 0.5 4.7 ± 0.5 100 Red Ribbons (KORtemma) S 16.3 ± 1.6 5.1 ± 0.2 4.6 ± 0.7 100 Showbiz (TANweieke) F 4.9 ± 1.1 1.7 ± 0.1 0.6 ± 0.4 75 Tournament of Roses (JACient) Gr 6.5 ± 1.0 2.7 ± 0.1 2.6 ± 1.2 75 Tropicana (TANorstar) HT 5.6 ± 0.7 2.7 ± 0.1 2.8 ± 0.5 100 z Cl F = Climbing Floribunda, F = Floribunda, Gr = Grandiflora, HP = Hybrid Perpetual, HT = Hybrid Tea, LCl = Large-flowered Climber, S = Shrub. y Criterion-referenced scale from 1 to 10 with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor): 10 = no deductions for all three indices, 9 = slight deduction for one index, 8 = slight deduction for two indices, 7 = slight deduction for three indices or moderate deduction for one index, 6 = moderate deduction for one index and slight deduction for one index, 5 = moderate deductions for one index and slight deductions for two indices, 4 = moderate deductions for two indices, 3 = severe deductions for one index and moderate deduction for one index, 2 = severe deductions for two indices, 1 = severe deductions for three indices. Criterion-referenced scale from 1 to 10 using the indices of foliage quality and quantity and plant vigor and habit.
Florida. A comparison of grafted-toown-root cultivars indicates that the own-root cultivars had significantly (P = 0.001) better mean overall performance and survival percentage than the grafted cultivars under the minimal input conditions of the study. However, these results need to be further examined using grafted and own-root plants of the same cultivars to determine whether this is an artifact of the cultivars in the study or if the rootstock(s) was not suited to the soil or care conditions of the study.
To identify the major factors determining field performance of the 64 own-root cultivars, the top and bottom five cultivars were further analyzed and combined with data from previously published papers (Colbaugh et al., 2005a (Colbaugh et al., , 2005b (Colbaugh et al., , 2005c . 'RADrazz' (Knock Out TM ) was the best-performing cultivar with a mean overall rating of 7.48, whereas Trumpeter Ò was the worst-performing rose overall with a mean overall rating of 2.92 (Table 4) . Hagan et al. (2005) reported that 'RADrazz' did not appear to be seriously damaged by black spot, which is confirmed by this study. When comparing the results of the overall bloom coverage, 'The Fairy' was the top performing cultivar. 'RADrazz', which was rated as the best overall in appearance, was not the cultivar with the greatest mean coverage of blooms. However, we did note a predominance of the cultivars that rated high in one category also rated similarly high in the second category. In the case of 'RADrazz', its vigorous growth and attractive foliage contributed to its high overall rating. The discrepancy of these two distributions indicates that appearance of a landscape shrub is not simply limited to coverage of bloom. Fifteen of the cultivars that performed well in this study are recommended as low-maintenance cultivars for Florida gardens (Manners, 1999) .
Leaf chlorophyll content and nutrient status in the foliage as determined by tissue analysis and SPAD readings were not good indicators of mean overall performance. Nitrogen (2.1-8.2 g kg -1
) and phosphorus (1.5-2.4 g kg -1
) content did not 2.9 ± 0.2 1.6 ± 0.6 1.75 0 0.08 z Criterion-referenced scale from 1 to 10 with three indices (flower quantity and quality, foliage quantity and quality, and plant habit and vigor): 10 = no deductions for all three indices, 9 = slight deduction for one index, 8 = slight deduction for two indices, 7 = slight deduction for three indices or moderate deduction for one index, 6 = moderate deduction for one index and slight deduction for one index, 5 = moderate deductions for one index and slight deductions for two indices, 4 = moderate deductions for two indices, 3 = severe deductions for one index and moderate deduction for one index, 2 = severe deductions for two indices, 1 = severe deductions for three indices. y Criterion-referenced scale from 1 to 10 using the indices of foliage quality and quantity and plant vigor and habit. x 0 = no black spot, 1 = slight defoliation, 2 = minor defoliation, 3 = moderate defoliation, 4 = severe defoliation, and 5 = complete defoliation. w 0 = no powdery mildew and 3 = severe powdery mildew. v 0 = no petal blight, 1 = slight petal spots, 2 = moderate number of petal spots, and 3 = severe petal blight symptoms. correlate with leaf chlorophyll SPAD readings, whereas potassium (7.8-15.4 g kg -1 ) and iron (13.6-62.1 mg kg -1 ) concentrations were correlated with leaf chlorophyll SPAD readings (r 2 = 0.378, P = 0.004 and r 2 = 0.380, P = 0.004, respectively). Nitrogen and potassium content were low compared with the levels reported for garden roses and landscape woody plants (Cabrera 2002 (Cabrera , 2003 Peters and Knauss, 1984) . The content of phosphorus (P) in the leaf tissue confirmed the inherently high soil P sufficiency levels of the soil at the study site ( Table 1 ). The soil analysis also indicated high levels of iron (Table 1 ), but given their calcareous nature, Austin silty-clay soils are known for their limitations to supply adequate plant available iron (Hipp et al., 1992) . This was confirmed by the low iron content in the rose leaf tissues.
Within the top five cultivars, other factors are equally if not more important in determining overall performance (Table 4) . Similarly, although very important, final vigor rating alone does not fully reflect the overall performance for the top or bottom five performing cultivars. Several authors have reported that black spot was the most significant rose disease, whereas powdery mildew had much less impact (Hagan et al., 2005; Hawke, 1997; Manners, 1999) . Thus, an analysis combining mean overall performance with the disease ratings for the top and bottom five cultivars shows a good correlation between the mean overall performance and black spot susceptibility. In our trials, powdery mildew and petal blight, although disfiguring nuisances, did not impact the overall survival, performance, or bloom of the plants.
The results of the analysis of cultivars by class are listed in Table 5 . Similar to the recommendations by Manners (1999) , there were clear differences among classes with the Polyantha, Shrub, China, Noisette, Found, Climbers, and Tea classes superior to the Floribunda and Hybrid Tea classes in mean overall performance. The mean overall performance of the Polyantha cultivars was twice that of the Hybrid Tea cultivars. Polyanthas were the best in overall performance, mean percentage of bloom, final vigor, and survival, whereas Hybrid Teas were the worst in all categories. As noted previously, mean percentage of bloom was not a good predictor of overall performance (value) when comparing roses by class. For example, the Floribunda cultivars ranked fourth in mean percentage of bloom, but were next to last in all the other categories. Manners (1999) reported that Tea roses are usually highly resistant to black spot and powdery mildew and are well adapted to high temperatures, humidity, and rain. Found rose cultivars ranked in the middle for mean overall performance, final vigor, and percentage of survival. In conclusion, although some classes as a whole performed better than others, there were good individual cultivars identified even in mediocre or poor classes (for example 'Else Poulson', which is a Floribunda). Based on the results of this study, cultivars were selected for inclusion in an expanded statewide study to develop the EarthKind TM collection of roses.
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